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by several fracture zones. Several studies have investigated euphausiid distribution in the Pacific (Brinton, 1962; Murase et al., 2009) and have investigated euphausiid biogeography on a meso-(20-200 km) and basin-scale (Lindley, 1977; Gibbons, 1997; Letessier et al., 2009 in the Atlantic; and Trathan et al., 1993 in the Southern Ocean), but there is a gap in our knowledge with respect to basin-scale processes in the Pacific Ocean.
The most striking global pattern in species abundance across all marine taxa is a latitudinal decrease in species abundance from low latitudes to high latitudes (Fuhrman et al., 2008) , a pattern that is most readily described as a polynomial function of sea surface temperature (Rutherford et al. 1999) . This trend has been explained by the species-energy hypothesis (Huston et al. 2003; Cardillo et al. 2005; Clarke and Gaston, 2006) , the species-area hypothesis (Currie et al., 2004) , the potential energy hypothesis (Jetz et al., 2009 ) and the historical perturbation hypothesis (Stevens, 2006) . Tittensor et al. (2010) conducted a global analysis of multiple marine taxa, and concluded that the species-energy hypothesis (or kinetic energy hypothesis, i.e. high temperature supports higher metabolic rates and promotes speciation) is best supported.
Marine species abundance has been associated with sea surface temperatures and other variables, such as dissolved silicate concentration (Roy, 2008) and river outputs (Rutherford et al., 1999) , but many taxa, including euphausiids, deviate from the high temperature/ diversity trends, and show increasing species numbers at intermediate latitudes (Gibbons, 1997; Rutherford et al., 1999; Letessier et al., 2009) . This has been attributed to the increase in pelagic niches in mid-latitudes, associated with the thermal structure of the surface layer (Rutherford et al., 1999) and, in the Atlantic, the depth of the mixed layer (deepening of the mixed layer depth serves to decrease the number of species, Letessier et al., 2009) .
The overall picture of pelagic diversity variability is complex and includes poorly understood relationships (such as the effect of mid-ocean ridges and seamounts, see Pitcher, 2008) . Moreover, global marine data sets for non-commercial species abundance are rare, and where these data sets exist they are of low resolution (either spatially or temporally). Quantitative, long-term data are virtually non-existent and are by and large limited to the Continuous Plankton Recorder Surveys in the North Atlantic and North Sea.
Here, we used a generalized additive statistical modelling approach to examine patterns and drivers of euphausiid species abundance in the Pacific Ocean in relation to a suite of environmental and physical variables.
We have previously conducted a similar exercise for the Atlantic Ocean (Letessier et al., 2009 ) that has provided useful insight into pelagic processes in that basin.
Our second aim was to compare the Pacific model with the previously published model for the Atlantic and, so doing, to gain insight into similarities and differences between planktic processes of two oceans.
Thirdly, we sought to model future species abundance in both the Atlantic and the Pacific in the context of projected environmental conditions in the next 200 years, and hence to examine the resilience of the two oceans to anthropogenic climate change.
M E T H O D Grid design
In order to investigate the potential effect of environmental variables on the species abundance of euphausiids throughout the Pacific Ocean, a sampling grid with cells of uniform area was designed, spanning the ocean basin (Fig. 1) . The cell dimensions were 300 km east to west, by 200 km north to south, with cell corner coordinates calculated using the Geographic Information System Manifold (CDA-International 1993 . Cell dimensions were chosen based upon our previous experience with an Atlantic model (Letessier et al., 2009) ; this size was a trade-off between provision of biologically meaningful resolution yet also spanning dominant underwater features, such as mid-ocean ridges and fracture zones. The sampling grid extended between latitudes of 618N to 618S and longitudes of 119.088E to 70.948W. Continental coastal cells that included major landmasses (including Japan and New Zealand) were omitted, leaving a grid of 3051 cells. The final grid included only 11 cells deemed to be 'on-shelf ' (average sea-bed depth ,500 m).
Euphausiid species abundance
Published Pacific euphausiid species' distribution ranges (Brinton et al., 2000) were used to populate the grid cells with occurrence data (Fig. 2 , see Supplementary data, Appendix S1 for species abundance data per grid cell, Fig. 3 ). Additionally, more-recent data on the occurrence of Pacific species were sought in the Global Biodiversity Information Facility (GBIF; www.gbif.com). However, no occurrences were reported outside the distribution maps provided by Brinton et al. (2000) , and thus the Brinton data were considered indicative of euphausiid distribution for the purpose of detecting broad-scale patterns and drivers.
Explanatory variables
For each cell, five explanatory variables were obtained, or derived, using the Manifold GIS system (centre latitude, centre longitude, average of seabed depth, distance to coast and distance to nearest ridge). We were interested in distance to ridge following on from the motivation of the previous Atlantic study that was to examine the hypothesis that the Mid-Atlantic Ridge influenced diversity (Letessier et al., 2009) . Nineteen further variables were obtained from various sources (see Table I for a description of the 19 explanatory variables, the rationale for including them, their sources and the abbreviations used for them from henceforth in this paper; also see Fig. 4 ). The spatial resolution for three of the data sets from which variables were drawn (Osborne and Flinchem, 1994; Chelton et al., 2008, see Table I ) were such that some cells had missing data values. To obtain variables at a finer spatial resolution, published data were interpolated on a 18Â18 latitude Â longitude grid using universal Kriging (Chiles and Delpiner, 1999) . Current vectors (Bonjean and Lagerhoed, 2002) were available only within the 608N to 608S latitudinal range, so cells outside this range were disregarded, thus leaving 2658 cells for subsequent analysis.
Statistical modelling
The influences of the selected environmental variables (Table I) on euphausiid species abundance (Fig. 2) were investigated using generalized additive models (GAMs), with a spatial correlation structure. Statistical analyses and GAM fitting were carried out using the R-project for statistical computing language (R v2.0.1 Core Development Team, 2007) with the mgcv (Wood, 2006) and nlme (Pinheiro and Bates, 2000) packages.
Selection of explanatory variables and model selection
For selection of the explanatory variables and the form (i.e. linear or smooth on the scale of the log-link function), we followed the approach documented in Letessier et al. (2009) . The model selection procedure was divided into two parts: (i) selection of spatial correlation structure, and (ii) selection of explanatory variables. Intercept-only models were used to select the spatial correlation form (intercept models give us a benchmark value of the deviance, the degree of model misfit, see Hox, 2002) . Candidate spatial correlation models were: none, Gaussian, spherical, linear and rational quadratic (see Cressie, 1991 for correlation model description). Model selection was carried out using the Akaike information criterion (AIC; Akaike, 1973) , with candidate spatial correlation structures being compared using the difference in AIC (Table II , Burnham and Anderson, 2002) . The selected spatial correlation structure was then used in a GAM with a Poisson distribution structure and log-link function. We allowed our model to estimate the dispersion parameter (relationship between mean and variance). AIC was also used to determine the optimum subset of candidate explanatory variables from the initial GAM formulation, which contained all the candidate explanatory variables (full model) to describe the number of euphausiid species. Model performance evaluation was carried out with reference to three of the metrics used by Potts and Elith (2006) and the explanatory variable practical influence (see Letessier et al., 2009) . The practical influences of the explanatory variables were described by setting the value of explanatory variables in question at the 2.5 (Table I) extracted to each sampling cell.
and 97.5% quantiles while fixing all other explanatory variables at their mean value (see Letessier et al., 2009 ).
Response to predicted climate change
The impacts of predicted environmental change on euphausiid species abundance were evaluated (in the Atlantic and Pacific) under the Intergovernmental Panel on Climate Change (IPCC) A1B scenario (temperature rise of 2.88C with a likely range of 1.7 to 4.48C in the 21st century, IPCC, 2007a). Impact of temperature change in the Atlantic was evaluated using the species abundance model of Letessier et al. (Letessier et al., 2009) . SST data from the Hadley Centre for Climate Prediction and Research (data reference 'UKMO_HadCM3_SRMESA1B_1 0 ) were extracted from the World Data Centre for Climate, Hamburg. Predictions of species abundance were made along two latitudinal bands of cells covering areas of interest (see results section 'Species abundance changes associated with climate change', data averaged over 6-year intervals from 2010 to 2046, and over a single year in 2100 and 2199) and along a 108 latitudinal band around the equator.
R E S U LT S Spatial pattern of species abundance
Species abundance of euphausiids in the Pacific was low at high latitudes (408 to 608), intermediate in the tropics and high at mid-latitude (208-408, Fig. 2 ). Species abundance was highest (.25) in the centre of the North-Pacific subtropical gyre and South-Pacific subtropical gyre. The overall species count was higher (.20) in the western Pacific than in the east. The species count was low along the shelf margin off the west coast of the American continent, with a particularly impoverished area extending longitudinally with the North Equatorial Current.
Statistical modelling

Model performance
The primary aim of our statistical modelling was to investigate the effect of environmental variability on the species abundance of euphausiids. Under the model assessment criteria proposed by Potts and Elith (2006) , the species abundance model performed well, as shown by the high correlation between predicted and observed values (R 2 ¼ 0.82, Table III ).
Model variables
The selected variables and forms for the species abundance model were linear terms on the scale of the log-link function of longitude, distance to coast, salinity, mixed layer depth (May and June), vector U, distance to ridge, salinity, silicate concentration, chl-a concentration and a smooth of SST (see Table II for model selection, and Table IV for practical influence of variables). The factors having the greatest influence on species abundance, in decreasing order, were the smooth term of SST, linear terms of salinity, longitude and silicate concentration (responsible for 29.53, 20.29, 215.01 and 9.63% of the change in the response variable between the 2.5 and 97.5% quantiles, respectively, see Table IV and see Fig. 5 for a partial plot of the SST smooth function). The remaining significant terms were, in decreasing order: distance to coast, distance to ridge, chl a, vector U, mixed layer depth (May and June). Species abundance underprediction occurred off the southern and south-eastern coast of Australia (408S, 120 -1508 E, Fig. 6 ), around the Aleutian Islands (508N, 1608E to 1408W), off the west coast of Chile (5-408S, 1208E), and along the shelf area off the west coast 
A subset of the candidate models based on (AIC) is given. Terms preceded by an "s" are smooths with "k" the dimension of the basis the smooth terms (Table I) .
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of the South-American continent, with a particularly impoverished area extending longitudinally with the North Equatorial Current. Overprediction in species abundance occurred predominantly along the Californian coast (20-408N, 160 -1208W), extending into the north Pacific Gyre, off the North-eastern Australian coast (208S, 1708E) and extending longitudinally into the South Pacific Gyre, and around the Cocos plate (158N, 2558E).
Species abundance changes associated with climate change
The differences in species abundances predicted from our models to arise under the IPCC A1B climate change scenario from the IPCC baseline abundance predictions were plotted against latitude along transect lines for the Pacific and Atlantic oceans (Figs 7 and 8) . The Pacific transect average shows an average increase in þ0.75 species per cell, whereas the Atlantic shows a change of þ1.1 species per cell by the year 2199. The greatest response to environmental change in the Pacific and the Atlantic was predicted to occur at intermediate latitudes (308 to 608, Fig. 8 ). The response in the Northern Pacific (max change 4.5 euphausiid species per cell) was more extreme than in the South (max JOURNAL OF PLANKTON RESEARCH j VOLUME 0 j NUMBER 0 j PAGES 1-16 j 2011 change 1.8 euphausiid species per cell), showing a unidirectional (positive) increase outside the 308 latitudinal band around the equator (308-608). Within this +308 latitudinal band, the species abundance showed progressive decrease, with the greatest decrease set to occur around the equator. The greatest change in species per cell in the Atlantic was predicted in the northern hemisphere (þ3.2 species per cell). Little change was predicted for the +208 latitudinal band around the equator in the Atlantic. The change in the +108 latitudinal band around the equator is expected to resulting in an increasing loss in species abundance in the Atlantic, whereas this zone in the Pacific will see a decrease in species (Fig. 8) .
The initial (2011) (2012) (2013) (2014) (2015) (2016) 
response in the Northern
Atlantic is an oscillating change in species abundance, followed by a progressive increase in abundance that is still climbing by 2199. The South Atlantic will experience a more linear increase in species abundance.
D I S C U S S I O N Drivers of species abundance
Explanatory variables
The most important driver of species abundance included in our model was sea surface temperature (Fig. 7) . Error bars are one standard error from the mean. Legend applies to both plots.
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(explaining 29% of variance). The apparent influence of SST on euphausiid species abundance in the Pacific is consistent with past modelling (34% in the Atlantic, Letessier et al., 2009 , also see Table V ) and observational work on Atlantic euphausiids (Gibbons, 1997) . Several hypotheses have been proposed to explain the apparent relationship between high temperature/low latitude and high biodiversity, such as the species-area hypothesis, the species-energy hypothesis (Rohde, 1992; Huston et al., 2003; Cardillo et al., 2005; Allen and Gillooly, 2006) , the kinetic energy hypothesis (see Tittensor et al., 2010 for the most comprehensive cross taxa study to date), the potential energy hypothesis (Jetz et al., 2009 ) and the historical perturbation hypothesis (Stevens, 2006) . The influence of temperature and the lack of a positive influence of chl-a concentration in our model best supports the kinetic energy hypothesis. Variation in salinity explained some 20.29% of the variation in euphausiid abundance in the Pacific (Table V) . Although the majority of euphausiid species are oceanic, some species are considered coastal/neritic (e.g. Euphausia crystallorophias), and are expected in low salinity environments such as in coastal and fjordic systems (Mauchline and Fisher, 1969) , where river outputs can severely impact salinity. Moreover, systems where ice melt severely influences salinity, such as in polar regions, are typically species poor, but can harbour large quantities of euphausiid biomass (Saunders et al., 2007) . Variation in salinity can be an important factor in costal and estuarine zooplankton community structuring (Calliari et al., 2008) , and different zooplankton species have varying tolerance to changes in salinity (Holste et al. 2009; Primo et al. 2009 ).
Moreover, salinity can act as a dominant control of water stability in polar and coastal regions, because it can vary strongly as a function of river run-off and ice melt (Bouman et al., 2003) . Waters with fluctuating patterns of salinity, and thus fluctuating water-column stability, are expected to harbour reduced species abundances, as per the Huston equilibrium model (Huston, 1979 , highest species diversity is located in systems with intermediate disturbance) and per our model. Highest species abundances were typically found in centres of JOURNAL OF PLANKTON RESEARCH j VOLUME 0 j NUMBER 0 j PAGES 1-16 j 2011 the subtropical gyres in both hemispheres, where salinity is high. Euphausiid species abundance is apparently driven higher in stable high salinity waters and lower in unstable polar waters. The explanatory variable in our model exerting the fifth greatest influence on euphausiid species abundance was silicate concentration (we discuss the influence of the third and fourth driver in context of the basin comparison, see section 'Inter-basin comparison'). Although the mechanism behind this relationship is presently unclear, it is likely to involve a combination of several factors: (i) the silicate concentration control of phytoplankton growth and diatom growth (Hashioka and Yamanaka, 2007) ; (ii) the increase of zooplankton diversity, mediated by non-toxic phytoplankton (Roy, 2008) ; and (iii) the modification of zooplankton diversity under different regimes of phytoplankton biomass (zooplankton diversity is often a unimodal function of phytoplankton biomass, see Irigoien et al., 2004) . Euphausiid grazing rates are known to vary depending upon diatom species (McClatchie et al., 1991) . The sensitivity of euphausiid species abundance to phytoplankton species composition may be mediated through bottom-up control and tight trophic coupling between phytoplankton, primary grazers (such as most copepod species, and many euphausiid species, e.g. Thysanoessa longicaudata, Euphausia superba) and primary/secondary consumers (such as some euphausiid species, e.g. Meganyctiphanes norvegica and Nematobrachion boopis, Richardson and Schoeman, 2004) . However, ultimately our results are at odds with the potential energy hypothesis (Jetz et al., 2009 ), e.g. we do not find a positive relationship between euphausiid species abundance and primary production (larger population sizes are supported under greater production regimes, thus sustaining niche specialists and reduced extinction rates, see Currie et al., 2004) . The extent to which silicate concentration drives euphausiid species distributions is largely unknown, and further research to explore these potential bottom-up control pathways is required.
Statistical model residuals
The Pacific model residuals ( predicted minus observed values) of our species abundance GAM are consistent with present understanding of oceanographic systems. Zones of underprediction in our Pacific model coincide geographically with two of Longhurst's provinces: The Costa Rican Dome in the North Pacific Equatorial Countercurrent province, and the Tasmanian Sea province (CRD, PNEC and TASM, respectively, see Longhurst, 1998) . The TASM province is a very dynamic and windy part of the Pacific (Harris et al., 1988; Harris et al., 1991) , with primary productivity patterns typical for provinces at similar latitudes (enhanced spring blooms) and with deep winter-mixed layer depths. The underprediction by our model here can be explained, at least partly, by the special geographical and environmental properties of this area. The retroflection of the East Australia Current forms a northward front across the TASM and Tasman Sea that separates bodies of water with very distinct properties; to the north lies the warm Coral Sea and to the south lies the cool Tasman Sea water. It is likely that this frontal zone combines species typical of either area, and, in conjunction with enhanced production cascade in the northward flow (Gibbs et al., 1991) , causes a localized increase in niche and species abundance which our model fails to predict.
The PNEC province is defined more on ecological grounds than on oceanographic features (Longhurst, 1998) and is, to a large extent, influenced by the productivity patterns of the Costa Rican dome. This area has been identified as a hotspot of coastal zooplankton diversity (Morales-Ramirez, 2008) . The isolated nature of the islands of the eastern tropical Pacific has led to the evolution of many endemic species and the extension of the range of many coastal species (such as Euphausiala melligera), which may explain the underprediction of our model (Brinton, 1962) .
Underprediction of species abundance in the Humboldt Current may be a consequence of localized upwelling and associated mixing of different water masses in this area (Chavez et al., 2003; Ayon et al., 2008) . The local fauna is highly adapted to the characteristic salinity/high seasonal heterogeneity and enhanced productivity, where endemic zooplankton species proliferate (e.g. Euphausia mucronuta accounts for 50% of the mesozooplankton wet weight in winter, and is highly adapted to preying on anchovy eggs, see Krautz 2003; Antezana, 2010) .
Overprediction coincided with the Pacific Equatorial Divergence Province (PEQD, Longhurst, 1998) ; the dominant characteristic of this biome is the high nitrate, low chlorophyll content of the water. Moreover, this province has a low productivity regime, typical of high nutrient low carbon biomes. The area has been described as an iron-limited grazer-controlled ecosystem (Price et al., 1994) . The overprediction in this province may simply be because local production regimes do not sustain high species abundances otherwise typical for similar latitudes.
Inter-basin comparison
The statistical method utilized here is deliberately similar to that employed in our previous study, focussing on drivers of variability in Atlantic euphausiid
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abundance and diversity (Letessier et al., 2009) . The environmental and biological data considered in both were retrieved from the same online and published sources. Overall, the directions of the responses to the important variables (sea surface temperature, longitude, silicate concentration) were similar in the Pacific and the Atlantic (Table V) .
In both ocean models, we observed an eastwards decrease in species abundance (longitude was responsible for 15 and 7% species abundance reduction in the Pacific and Atlantic, respectively). On the eastern side of the two oceans, the major currents transport cool water toward the tropics, meaning that the warm tropical seas will span a broad latitudinal range in the west but not in the east (Fig. 3) , and communities will be typical of higher latitudes in the east. The observed patterns are probably a function of the predominance of upwelling on the east coast of the Atlantic and the Pacific (Brown et al., 1989) .
A total of 81 euphausiid species had ranges within our Pacific survey grid, a greater number than in the Atlantic (54 species). Moreover, our Pacific modelling has revealed several variables to be significant here that were not significant in the Atlantic study (e.g. Current vector U, Distance to coast, Distance to ridge; Table V) . The Pacific Ocean is, by some estimates, close to a billion years old (The Open University, 1998) and is, as such, much older than the Atlantic (150 million years). The last common ancestor of the Euphausiidea lived 130 mya and most modern genera were present before 23 mya (Jarman, 2001) . Since then, the Pacific has undergone relatively few geological changes compared to the Atlantic. Furthermore, the Atlantic has become separated from the Indopacific, a source of radiative diversity (in the late Miocene, some 7 mya ago). That and the large area of the Pacific (32% of the surface of the Earth) have been proposed as the explanation for the greater overall abundance of marine species observed in the Pacific Ocean (Briggs, 1999; Williams, 2007) and, in this case, the increased model complexity compared to the Atlantic. The large size of the Pacific makes the distribution of its fauna susceptible to a greater scope of external factors and environmental variables.
The Atlantic study was largely restricted to the midocean, as our sampling grid specifically omitted continental shelves and marginal sectors and was constructed with the specific objective of enabling testing of hypotheses to do with the influences of bathymetric features (such as ridges and fracture zones) on additional diversity and abundance. This might explain the influence of proximity to coast in the Pacific: according to our model, proximity to land serves to reduce the number of species. The comparison between oceans will not be completely bias-free because of the different grids used in each. However, the two oceans have fundamentally different characteristics in terms of basin dimension, and any completely uniform grid will hold some inherent bias. The number of cells covering shelf sectors in the Pacific (average seabed depth shallower than 500 m, n ¼ 11) only amounted to some 0.4% of the total grid, and had they not been included our conclusions would probably not have changed. The differences we expose here between the Atlantic and the Pacific (Table V) are at odds with of the results of Tittensor et al. (2010) who suggest, following analysis of a global data set of diversity, that variability in ocean basin (i.e. Pacific, Atlantic, Indian) is not a significant variable in global diversity.
Species abundance changes with temperature rise
Our data show that the species abundance of euphausiids in the Pacific is influenced less by SST variability (some 5% difference in between the quantiles) than in the Atlantic (Table V) . Moreover, the higher abundance of Pacific euphausiid species (81 from our data set) means that every degree change in SST will increase the euphausiid species abundance per cell by 0.52, as opposed to 0.70 in the Atlantic (assuming linear change between the quantiles). All else remaining equal, our model predicts that the distributions of Pacific euphausiid species abundance will be more resistant to climate change than the Atlantic.
The functions of marine and terrestrial biological processes are predicted to change as a consequence of present and future anthropogenic climate change. However, whereas environmental changes might be quantifiable, the biological responses are harder to predict and usually involve considerable speculation (see Kingsford, 2009, and Walther, 2010 for a review of potential marine and terrestrial changes, respectively). Our model is no exception. We have extrapolated assuming a consistent response to temperature, and by holding all other variables equal.
Both oceans will on average see an increase in species abundance per cell. Although the greatest increase in species abundance is predicted to take place in the Pacific (maximum increase þ4.5 species in the Pacific versus þ3 species per cell in the Atlantic), the Pacific will, on average, experience less change than in the Atlantic (þ0.75 species per cell versus þ1.1) by the year 2199, thus confirming our earlier predictions regarding the difference in sensitivity between the two basins (see first paragraph this section). Moreover, our model predictions suggest that the species abundance in the +208 latitude band around the equator will experience little changes in the Atlantic, whereas the Pacific will see a decrease. Our results suggest that the present broad patterns apparent in species abundance (low in high latitudes, high in intermediate latitudes and intermediate in the tropics) will become less pronounced in a warming ocean; eventually species abundance will be enhanced within intermediate-to-high latitudes (308N to 608N and 308S to 608S) and diminished in the tropics (208N to 208S) . The predicted change of species abundance (less marked in the tropics, more pronounced at intermediate to high latitudes) is consistent with changes already observed to be occurring in terrestrial systems in Europe and America (Rosenzweig et al., 2008) ; however, recent evidence points to increased vulnerability in tropical ectotherms (Dilling and Alldredge, 2000) . The changes we predict at intermediate latitudes (308 to 608) are consistent with already-observed changes in zooplankton assemblages in the North Atlantic (i.e. communities shifting north, see Beaugrand et al., 2002; Beaugrand and Ibanez, 2004; Richardson and Schoeman, 2004) . This study provides some evidence that shifts in species abundances may not be restricted to the North Atlantic zooplankton community but rather are symptomatic of responses to climate change at the same latitudes in the Atlantic and the Pacific.
We opted to consider variability models for the moderate A1B scenario from the Intergovernmental Panel on Climate Change (IPCC), which provides environmental variable predictions under assumptions regarding anthropogenic impact on climate deemed to be 'intermediate' (O'Neill and Oppenheimer, 2002) . However, annual CO 2 emission increases (.2 parts per millions, Goodwin and Lenton, 2009 ) are surpassing the worst-case scenario of the IPCC (scenario A2 IPCC, 2007b), and it is likely that our choice is conservative. Changes in euphausiid communities, as with other ecosystems changes (Jackson 2008) , may be more pronounced than expected.
C O N C L U S I O N
Our Pacific species abundance model confirms the importance of sea surface temperature as a species abundance driver, but also elucidates other less familiar predictors. Our model is informative in that it brings together a large body of information without making any assumptions regarding relationships between species abundance and environmental variables. Our study does not integrate other effects, such as overfishing, pollution and the migration/transportation of species between oceans (Reid et al., 2007; Greene et al., 2008) . We have shown that there are substantial residuals in the species abundance/temperature model in some locations, and that lesser known drivers such as silicate concentration, salinity and longitude are also significant predictors of euphausiid species abundance in the Atlantic and Pacific. Our model framework is relevant for future climate changes; thus we have successfully demonstrated latitudinal heterogeneity to climate change in species abundance predictions, and described different potential responses to climate change in each basin. From a conservation perspective, simplifying to a species abundance/temperature relationship (Tittensor et al., 2010) is potentially dangerous since it may divert attention from other ocean characteristics, such as nutrient concentration, that play critical roles in ecosystem function.
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